Some studies (but not all) have suggested that there may be an increase in the risk of breast cancer associated with a prior induced abortion. The risk, if present, may vary according to the duration of the pregnancy in which the abortion occurred, or to a woman's age or parity at that time. The authors conducted a case-control study of breast cancer in white women under age 45 years to address the question of breast cancer risk in relation to induced abortion, with the intention of identifying subgroups of women who might be at particularly increased risk. White women who were diagnosed with breast cancer (n = 1,302) from May 1, 1990, through December 31, 1992, in three geographic regions of the United States (Atlanta, Georgia; Seattle/Puget Sound, Washington; and five counties in central New Jersey) were interviewed about their reproductive histories, including the occurrence of induced abortion. Similar information was obtained from control women identified through random digit dialing. Logistic regression analysis was used to estimate the relative risk of breast cancer associated with a history of induced abortion, controlling for the potentially confounding influence of other breast cancer risk factors. Among women who had been pregnant at least once, the risk of breast cancer in those with a prior induced abortion was 20% higher than that in women with no history of abortion (95% confidence interval 1.0-1.5). This small increase in risk varied little according to number of abortions or a woman's current age. The association was present primarily among nulliparous women whose abortions occurred prior to 9 weeks' gestation (estimated relative risk = 2.0, 95% confidence interval 1.2-3.3). There was no excess risk of breast cancer associated with induced abortion among parous women. These data support the hypothesis that there may be a small increase in the risk of breast cancer related to a history of induced abortion among young women of reproductive age. However, the data from this study and others do not permit a causal interpretation at this time; neither do the collective results of the studies suggest that there is a subgroup of women in whom the relative risk associated with induced abortion is unusually high. Am J Epidemiol 1996;144:373-80. abortion, induced; breast neoplasms; pregnancy Some recent studies have suggested that fhere may be an increase in the risk of breast cancer associated with a history of induced abortion (1-4). These studies were carried out to test the hypothesis that an inter-
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Some recent studies have suggested that fhere may be an increase in the risk of breast cancer associated with a history of induced abortion (1) (2) (3) (4) . These studies were carried out to test the hypothesis that an inter-ruption of pregnancy during the first trimester, when there is a great proliferation of cells, could result in the breast's containing a high number of undifferentiated cells, which may influence the woman's subsequent risk of breast cancer (1) . Within these studies, there was a suggestion that the increased risk, if present, is not uniform across all women but may vary according to the timing of the abortion, in terms of either a woman's age, her parity, or the duration of the pregnancy in which the abortion took place. However, this variation in the size or presence of an altered risk associated with induced abortion was often based on relatively small numbers of women. In this paper, we present results from a population-based study conducted in three geographic areas of the United States that addressed the question of breast cancer among white women in relation to induced abortion, with attention paid to the identification of subgroups of women whose risk might be particularly affected.
MATERIALS AND METHODS
This study was conducted in three geographic areas served by population-based cancer registries: the metropolitan area of Atlanta, Georgia; the Seattle/Puget Sound area in Washington State; and a five-county area in central New Jersey. We attempted to interview all female residents of these areas aged 20-44 years who had been diagnosed as having either in situ or invasive breast cancer between May 1, 1990 , and December 31, 1992.
Women who had a prior diagnosis of breast cancer were not eligible for the study. Of the 1,940 eligible case women identified, we obtained interviews from 1,669 (86.0 percent). Reasons for non-interview included subject refusal (6.7 percent), physician refusal (5.8 percent), death or illness (0.8 percent), or other reasons (0.7 percent). For this analysis, we excluded 21 women who did not have a telephone at the time of diagnosis and seven women whose race was not known. Since the reproductive histories of the black women and other nonwhite women who participated in the study were very different from those of the white women, the present analysis was confined to white women. (The relation of reproductive factors to breast cancer in nonwhite women will be the focus of future research.) After exclusion of the 257 black women and the 82 case women of other races, we had 1,302 white women with breast cancer for analysis.
Controls were ascertained for each study site by Westat, Inc. (Rockville, Maryland), using random digit dialing with frequency-matching to ensure an age distribution comparable to that of the cases. The type of random digit dialing used was the method described by Waksberg and Mitofsky (5) with a clustering factor (denoted "k" or "k + 1" by Waksberg) of 19 residences per sampling unit. A three-digit prefix within the defined geographic area was selected at random, and four random digits were added to create a sevendigit telephone number. The number was called, and, if it was found to be residential, the first five digits of the number were taken to constitute a "primary sampling unit." Additional residential telephone numbers with the same first five digits were then called until 19 residential telephone numbers were identified or all 100 telephone numbers within the primary sampling unit were exhausted. While up to 19 controls could have come from a primary sampling unit, because of age stratification, sex requirements, and refusals, no primary sampling unit in fact contained more than nine interviewed controls. Overall, 27 percent of the cases had a three-digit telephone prefix for which there were no controls selected; 10 percent of the controls had a prefix for which there were no cases. The largest amount of such clustering occurred in New Jersey, where 34 percent of the case women resided in telephone prefix areas for which no controls were selected.
All telephone numbers were called at least seven times at different times of the day and week over an 11-to 12-week period ("wave") before they were abandoned. Overall, 90.5 percent of all residential phone numbers were screened for study eligibility. After completion of a "wave," an age-stratified random sample was selected from all eligible women who had been screened. Seventy-seven of the 1,989 controls selected were subsequently found to be ineligible. Of the remaining 1,912 women, 1,505 (78.7 percent) were interviewed. The overall response rate (the random digit dialing screening proportion multiplied by the interview response) was 71.2 percent. We were unable to compute response rates for white women (the only racial group in this analysis), since we did not know the race/ethnicity of the nonrespondents. As with the cases, we excluded from our analyses four women who had a prior diagnosis of breast cancer and two women whose race was unknown. After further exclusion of the 217 black women and the 102 women of other races, we had 1,180 white control women for analysis.
Structured in-person interviews collected detailed information on the following variables: reproductive and menstrual history, use of contraceptives and exogenous hormones, medical and screening history, anthropometric factors and physical activity, adolescent and adult diet, alcohol consumption, smoking history, family history of cancer, education, marital status, childhood religion, and occupation. A calendar was used to record major life events as an aid to enhance recall. Each woman was asked approximately when each pregnancy had occurred, how long it lasted, and what the outcome was. This included numbers of induced and spontaneous abortions; the pregnancy order of any abortion; and the duration of the pregnancy at the time the abortion took place (expressed in either weeks or months). All information on case and control exposures was truncated at the date of diagnosis (cases) or the date of the first random digit dialing contact (controls).
Logistic regression analyses were used to obtain the maximum likelihood estimates of odds ratios (estimated relative risks) and their 95 percent confidence intervals. Analyses were adjusted for age (continuous), study site (Atlanta, New Jersey, Seattle), family history of breast cancer (none; mother or sister; grandmother or half-sister), age at first pregnancy (<20, 20-29, >30 years), age at first birth (in analyses restricted to parous women) (<20, 20-29, 30-41 years), and childhood religion (Catholic/Mormon/Sev-enth-day Adventist; other Christian; Jewish/other nonChristian/none). Variables that did not change the estimates substantially and thus were not adjusted for in the analyses presented here included marital status (never married, currently married, widowed/divorced/ separated), education (high school or less, some college, college graduate or more), age at menarche (<12 years vs. 13-19 years), number of live births (0, 1, 2, 5:3), lactation (never or <1 month vs. 5:1 month; <6 months, 6-59 months, and 5:60 months), history of spontaneous abortion, body mass index (weight/ height 2 ; in quartiles), oral contraceptive use (never or <6 months vs. 56 months; never or <6 months, 6-59 months, and 5:60 months), alcohol use (never or <7 drinks per week vs. 57 drinks per week), and cigarette smoking (never or <6 months vs. >6 months). Further adjustment for more detailed measures of the various factors did not substantially change the risks associated with induced abortion.
Confidence intervals were computed using generalized estimating equations to account for the additional variance introduced by the clustered control group (6) . Since the corrected confidence intervals were almost identical to the intervals that did not account for the clustering, we report the uncorrected intervals here.
When cases were separated by stage, polytomous logistic regression was used to compute relative risks in order to simultaneously compare the two case groups with the single control group (7) .
RESULTS
The women with breast cancer were more likely than control women to have a lower body mass; to have a family history of breast cancer; to be nulliparous or to have had fewer live births; to have had a late age at first birth or an early age at menarche; and to have used oral contraceptives for an extended period of time (table 1) .
Among women who had ever been pregnant, the risk of breast cancer in those who had had one or more induced abortions was 1.2 (95 percent confidence interval (CI) 1.0-1.5) relative to women who had never had an induced abortion (table 2). The risk associated with induced abortion was slightly greater when the abortion was performed before age 20 or after age 29 (relative risks (RRs) = 1.5 and 1.4, respectively). The relative risk among women whose first abortion occurred prior to age 18 years was 1.2 (95 percent CI 0.6-2.3). The risk of breast cancer did not vary in relation to number of induced abortions, age at diagnosis, or history of breast cancer in a mother or sister. There was a suggestion that if any increased risk was present, it was restricted to women whose pregnancy was terminated before 2 months' gestation and to women who had never had a live birth. The results were unchanged when we excluded the 161 women with in-situ or unknown-stage disease.
The relative risks for breast cancer associated with induced abortion were similar in Atlanta (RR = 1.5) and Seattle (RR = 1.4), whereas in New Jersey there was no association (RR = 0.9).
In a separate analysis that sought to examine the influence of one or more interrupted pregnancies among women with no full-term pregnancies, we compared 303 nulliparous cases with 244 nuUiparous controls whose only pregnancy, if any, had resulted in an induced abortion. The relative risk associated with a history of induced abortion in these women was 1.4 (95 percent CI 0.9-2.1) (table 3). The elevation in risk was confined to abortions that had occurred during the first 8 weeks of gestation (RR = 2.0, 95 percent CI 1.2-3.3). Although the risk increased with age at first abortion, this was due to the increasing proportion by age of abortions with short durations of gestation. When we examined the risk by age among the women whose abortion was performed during the first 8 weeks of gestation, the risks were 1.8,2.1, and 2.1 for women aged <20, 20-29, and 5:30 years, respectively (data not shown).
Among parous women, there was no altered risk in relation to a history of induced abortion (RR = 1.0, 95 percent CI 0.8-1.2). When we confined our analyses to women whose only pregnancies resulted in either a live birth or an induced abortion, the estimates did not change. Since pregnancy interruption may leave undifferentiated structures in the breast, we hypothesized that a full-term pregnancy with lactation following an induced abortion may push those cells to full differentiation. However, we found no difference in the risk of breast cancer associated with an induced abortion among parous women according to whether they had subsequently nursed a child after a pregnancy following an induced abortion.
DISCUSSION
Some possible limitations of our study warrant discussion. We were only able to interview 86.0 percent of cases and 71.2 percent of controls. If the women who were not interviewed differed from those interviewed regarding history of induced abortion, our results would be biased.
A second concern is the accuracy of reporting of induced abortion (8) . Our study was designed to include only women who had spent the majority of their reproductive lives in the period after abortion was legalized (1970 in Washington State and 1973 in the United States as a whole). Of the 585 women in our Dating et al. (m)i) . Tnlrty-«lx cases and 78 controls had missing data (weight and height measured at Interview). 1 Average drinking behavior during the 2 years prior to the reference date. Two cases and tour controls had missing data. # Three controls had missing data. study who reported an induced abortion, 6.3 percent of
The risk of breast cancer associated with induced the women reported that their first abortion occurred prior to 1970 (three additional cases and two controls did not report the year of their first induced abortion).
abortions that occurred prior to 1970 (or 1973) did not differ from the overall risk. This finding contrasts with the results of a case-control study by Newcomb et al. (9) which found a higher risk associated with abortions that occurred prior to 1973 (RR = 1.35) as compared with 1973 or later (RR = 1.12). They concluded that this difference might have been a reflection of differentially complete reporting by cases and controls who had had an abortion prior to 1973. Data from two recent studies carried out in Seattle (10, 11) were also available with which to indirectly address the issue of differential completeness of reporting by cases and controls. The relative risks associated with induced abortion in case-control studies of 214 women with invasive cervical cancer and 226 women with ovarian cancer (all under 45 years of age at diagnosis) were 1.0 (95 percent CI 0.7-1.6) (10) and 1.2 (95 percent CI 0.6-2.3) (11), respectively. These analyses included adjustment for confounding variables appropriate to each disease. These results argue against there being any substantial difference in the accuracy of reporting of induced abortions by women with cancer and women without cancer.
To determine whether our results were biased as a result of confounding due to the different residential distributions of cases and controls (see "Materials and Methods"), we conducted an analysis in which we matched the women according to telephone prefix, discarding the 363 (36.6 percent) ever-pregnant cases with no matching controls, as well as the 154 (14.1 percent) ever-pregnant controls whose telephone prefix did not match that of any case. The relative risk (RR = 1.3, 95 percent Cl 1.1-1.7) was similar to the one based on all subjects.
In contrast to four recent studies (1-4) and one previous study (12) that focused on women of reproductive age and found a 40-190 percent increase in breast cancer risk among those with a prior induced abortion, in this study we found a smaller (24 percent) increase in breast cancer risk associated with induced abortion among ever-pregnant women. Other studies that assessed the relation of breast cancer to induced abortion in younger women (or provided a subgroup analysis) failed to find an increase (8, (13) (14) (15) or found an increase only in certain subgroups of women (16, 17) .
Among women who had ever been pregnant, we found that the increase in risk associated with induced abortion was present primarily among women who had not had a full-term pregnancy. To determine whether this increase was only a reflection of an atypically low risk among women who had had an incomplete pregnancy for other reasons, we compared the women whose only pregnancy ended in an induced abortion to women who had never been pregnant. In this analysis, we observed a 40 percent increase in breast cancer risk associated with induced abortion. This finding is consistent with the results of Brinton et al. (18) and Ewertz et al. (19) , who studied women of all ages, but it contrasts with those of Lipworth et al. (2) and Rosenberg et al. (16) , who found no increase in breast cancer risk associated with induced abortion among nulliparous women but did find an increased risk among parous women (for nulliparous women, RR = 1.8, 95 percent Cl 1.4-2.3; for parous women, RR = 1.8, 95 percent Cl 1.0-3.1). In the study by Rosenberg et al., the 80 percent increase in risk among parous women was present only if the abortion occurred after a full-term pregnancy and only in women who were under 40 years of age at diagnosis (16). Daling et al. (1) found a risk of breast cancer associated with induced abortion among nulliparous women that was similar to the risk found in this study (RR = 1.4, 95 percent Cl 0.9-2.2); however, the association in that study was equally present in parous women (RR = 1.6, 95 percent Cl 1.2-2.3). Rookus et al. (2) confined their analysis to ever-pregnant women (RR = 1.9, 95 percent Cl 1.2-3.1), finding elevated risks associated with induced abortion both before (RR = 2.5) and after (RR = 1.7) a full-term pregnancy. On the basis of animal models, one might predict that if induced abortion does increase a woman's risk of breast cancer, it would be confined to Breast Cancer following Induced Abortion 379 women who had not had a full-term pregnancy or those whose abortion occurred prior to a full-term pregnancy, when the structures in the breast had not undergone the maturation process that a full-term pregnancy provides (20) (21) (22) . This hypothesis, however, has not been consistently borne out in the epidemiologic studies.
During the teenage years, the breast is comprised of rapidly growing cells and high-risk lobular structures, and it has been hypothesized to be at highest risk for malignant transformation at this time (20) (21) (22) (23) (24) . There was some indication that women in our study who had their first abortion during their teenage years had a relatively higher risk of breast cancer associated with an induced abortion. This finding (RR = 1.5) is in accord with that of Daling et al. (RR = 2.5 for abortion at age <18 vs. 1.7 for ages 18-19) (1) but was not in agreement with that obtained by Rosenberg et al.
(for nulliparous women of any age, RR = 1.2; for parous women of any age whose abortion occurred prior to a full-term pregnancy, RR = 0.8) (16) . Although in the present study we found an age-related risk of breast cancer (increasing) associated with induced abortion among nulliparous women, when we confined our analysis to abortions that occurred at <9 weeks' gestation, there was no difference in the risks by age at first abortion.
If induced abortion does increase a woman's risk of breast cancer, it may be a consequence of the massive growth that the breast undergoes during the first trimester not being followed (because of the pregnancy interruption) by cell maturation and differentiation during the second and third trimesters. This hypothesis would predict that a woman's risk associated with induced abortion might be particularly high for pregnancies that extend through much of the first trimester before the abortion occurs. Daling et al. (1) observed that women whose first abortion did not take place until 9-12 weeks' gestation had a 90 percent increase in their risk of breast cancer, as compared with a 40 percent increase associated with abortion at <9 weeks. The opposite was true in the present study, the increase being greatest in women who had an induced abortion during the first 9 weeks of pregnancy. The only other study that addressed the issue of length of gestation at the time of induced abortion was that of Howe et al. (12) , who reported an average gestational length of 9.6 weeks among the breast cancer cases, as opposed to 11.5 weeks among controls. This is more in accord with the results of the current study.
In contrast to Daling et al. (1), we did not find the relative risk associated with a history of induced abortion to vary according to family history of breast cancer. Parazzini et al. (13) also found no increase in risk associated with induced abortion among women with a first-degree family history of breast cancer. However, these investigators included women of all ages and did not focus on young women, in whom the genetic component may be of relatively greater etiologic importance (25) .
The results of the present study give only slight support to the hypothesis that there is an increase in breast cancer incidence related to a history of induced abortion among women of reproductive age. Therefore, we believe that the data from this study and other studies do not permit a causal interpretation at this time. Although a positive association has been seen in a number of studies that have focused on young women, the overall magnitude is not so great that the possibility of bias (due to confounding or to differential misclassification of abortion status between cases and controls) can be excluded. Neither do the collective results of the studies suggest that there is a subgroup of women (defined on the basis of parity, other risk factors, or the timing of the abortion itself) in whom the relative risk associated with induced abortion is unusually high. Nonetheless, as additional studies are carried out among cohorts of women who have had legal abortions available to them for most or all of their reproductive lives, and as better measures of other determinants of breast cancer risk (e.g., genetic predisposition) become available, there is reason to hope that in the future we will have a better understanding of the possible role of induced abortion in the etiology of breast cancer.
